ABSTRACT. For centuries, morphology-based fish identification has been applied without molecular evaluation. Many studies showed that specimens with a similar morphology are frequently found to be quite genetically distinct. One of the fish species that still remains taxonomically problematic is a commercial snapper species, Lutjanus johnii. Because of morphological ambiguities among local fish taxonomists in Malaysia, we examined the ability of the cytochrome oxidase I (COI) gene to genetically examine the taxonomic status of L. johnii. A 626-base pair COI region was successfully amplified and aligned with conspecific sequences that were retrieved from GenBank. The phylogenetic tree obtained showed two major clusters; the first cluster consists of L. johnii from Straits of Malacca, Thailand, Australia, and China while the second cluster comprises L. johnii from China and India. The latter group showed sequence divergence greater than 3.5%. After observing this, we suspected that there might be a cryptic species between the South China Sea and Indian Ocean. This is the first molecular report concerning the commercial species of snapper, L. johnii, in Malaysia, which had only gained provisional recognition from morphological examination.
INTRODUCTION
Taxonomy is the foundation of traditional conservation practices (Avise, 1989; Brophy, 2004) , and understanding the taxonomic details of a species is central to the development of successful management strategies for sustainable fisheries resources. The basic knowledge of diversity through species discovery and description is mostly complete for some areas of the world and for many families of fishes, but important gaps still remain (Eschmeyer et al., 2010) . Consequently, many undescribed species are in potential danger of extinction because of incomplete taxonomy, unrecognized congeneric variation, and/or lack of formal species descriptions (Brophy, 2004) . For centuries, morphology-based fish identification has been applied without molecular evaluation. The exploitation of color patterns in fish, for instance, was often used to distinguish closely related species, but several studies (Planes and Doherty, 1997; McMillan et al., 1999) did show the complexity of the relationship between color pattern and genetic divergence. Moreover, specimens with similar morphology are frequently found to be quite genetically distinct, suggesting the involvement of conservative systematic traditions or morphological stasis (Knowlton, 2000) . Therefore, morphological distinction alone is inadequate for species identification or for elucidating valid phylogenetic relationships (Grewe et al., 1993; Felsenstein, 2001) .
One fish genus that remains taxonomically problematic because of poor studies (Chow and Walsh, 1992; Sarver et al., 1996) is Lutjanus. Species of Lutjanus, which are commonly known as snappers, are widely consumed (Rosmilah et al., 2005) and are highly valued in a number of fisheries of the world (Zhang et al., 2004) . Of the 45 species known to date, at least 10 species of Lutjanus are found in coral reefs of Malaysia (Sukarno et al., 1994; Rasidi et al., 1995) . One of the most common species available for local consumption is the golden snapper, Lutjanus johnii (Bloch, 1792) . Also known as 'jenahak' by locals, this species has an excessive market demand and may fetch a price of up to ~RM 40.00 per kilogram. Although the morphological characteristics have been outlined and used, the recent application of molecular techniques aid in the revision of the Lutjanus taxonomy, which helps in the discovery of new species in the genus. As examples, Lee and Cheng (1996) discriminated L. ophuysenii from L. vitta using allozyme markers, Zhang et al. (2004) identified larvae of the Lutjanus genus using amplified fragment length polymorphisms, and Allen et al. (2013) recently revised L. ruselli and L. bitaeniatus and named two new snapper species, L. indicus and L. papuensis using the cytochrome c oxidase 1 (COI) region.
Recently, the COI region has been regarded as a promising approach for rapid and accurate identification of species (Armstrong and Ball, 2005) . It is used to catalog animal biodiversity (Hebert et al., 2004; Ward et al., 2009) and is one of the most conserved protein-encoding genes in the mitochondrial genome (Brown, 1985) . Because of the lack of introns, the COI region has limited exposure to recombination (Saccone et al., 1999) and is more likely to reveal deeper phylogenetic insights than other mitochondrial genes (Lynch and Jarrell, 1993) . In this research, we examined the ability of the COI gene to genetically identify the golden snapper from the Straits of Malacca because of the morphological ambiguities of the species among local taxonomists (A. Rahman, Fisheries Research Institution Malaysia, personal communication). We selected the Straits of Malacca as our study site because almost 50% of the total catches from Malaysia were from the straits [Food and Agriculture Organization (FAO), 2009] . This research aims to accurately identify L. johnii and provide baseline genetic data that are required to protect rare or unique genetic stocks that are found in Malaysia.
MATERIAL AND METHODS

Samples collection and genomic DNA isolation
Samples were collected from the Fisheries Development Authority of Malaysia (LKIM) fish landing sites. Morphological confirmation of the species was conducted with the help of expert local taxonomists, FAO-Snappers Identification Catalogue (Allen, 1985) , and identification books that were published by the Department of Fisheries Malaysia (Mansor et al., 1998) . From each sample, approximately 100 mg fin (1-2 cm 2 ) was dissected and placed in 95% alcohol. Total genomic DNA from the fin clips was extracted following the salt protocol by the Animal Genomics Laboratory, Liverpool University, United Kingdom (2001) in the presence of proteinase K (Nacalai Tesque, Japan). The preserved DNA pellet was stored at -20°C until use. The degradation of DNA was examined by electrophoresis on 0.8% agarose gels. DNA quantification and purity were observed using a Q3000 spectrophotometer (Quawell, USA).
DNA amplification
The 5' region of the COI gene from mitochondrial DNA was amplified from all samples using the FishF1-5'-TCAACCAACCACAAAGACATTGGCAC-3' and FishR1-5'-TAGACTTCTGGGTGGCCAAAGAATCA-3' primers by Ward et al. (2005) . Polymerase chain reaction (PCR) was carried out in a BIORAD (USA) thermal cycler. The PCR mixture contained 2.5 µL 10X PCR buffer, 1.0 µL dNTP mixture (2.5 mM), 0.25 µL 5U i-Taq plus DNA polymerase (Intron, Gyeonggi-do, Korea), 2.0 µL MgCl 2 (25 mM), 0.5 pmol of each primer, 10-50 ng DNA template, and ultrapure water to a final volume of 25 µL. The thermal regime consisted of initial denaturation for 2 min at 95°C; 35 cycles of 94°C for 45 s, 48°C for 45 s, and 72°C for 1 min; and a final incubation at 72°C for 10 min. PCR products were visualized on 2.0% agarose gels, and the most intense bands were selected for purification according to the PCR Purification Kit protocol from Genomics Bioscience and Technology (Taiwan). Purified PCR products were sent for sequencing using an ABI3730 sequencing machine provided by the same company.
Data analysis
The amplified partial COI region of L. johnii was used in basic local alignment search tool (BLAST) with the COI gene of the same species using BLASTn from GenBank. All sequences confirmed as L. johnii were then collapsed in haplotypes using the Collapse software version 1.2 (Provan et al., 2005) . Haplotypes were aligned using MUSCLE with the Alignment Explorer of the MEGA software version 5.0 (Tamura et al., 2011) . The alignments were then subsequently revised by eye in an effort to maximize positional homology. Conspecific COI sequences of L. johnii from China (EF607441, EU600120, EU600121, EU600122), India (EU148537, EU148538), and Australia (EF609396) that were already deposited in GenBank or Barcode of Life Database (BOLD) were compared with the aligned sequences. Sequence divergences were calculated using the Kimura 2-parameter (K2P) distance, clustered by neighbor joining, and bootstrapped using MEGA version 5.0 (Tamura et al., 2011) with 10,000 replications. A recently described bioinformatic tool, automatic barcode gap discovery (ABGD) (Puillandre et al., 2012) was also employed to detect the breaks in the distribution of genetic pairwise distances called the barcode gap, and the same species, therefore, should be grouped in the same partition. We employed a sequence divergence of 3.5% as a screening threshold for overlooked species as recommended by Hebert et al. (2004) . This is a conservative threshold that approximates 10 times the average within-species COI sequence variation that is typical of marine fishes (Ward et al., 2005 (Ward et al., , 2008 Steinke et al., 2009) .
RESULTS
Sample collection
A total of 39 samples of wild L. johnii were caught from nine locations in the Straits of Malacca ( Figure 1 , Table 1 ). Four samples from Ranong, Thailand, were obtained from Kuala Perlis fish landing site and were examined in this study for comparison. All samples were photographed and kept as voucher samples in Universiti Sains Malaysia. 
COI divergence analysis
A 626-bp COI fragment was successfully amplified for each sample. BLAST analysis for all sequences showed 99% confirmation that the caught samples were L. johnii. Sixteen unique haplotypes (Table 2) were identified and deposited in the GenBank. One hundred thirty-two variable positions were detected, and 88 positions that were parsimonious were used for phylogenetic analysis. All variable sites were found at the first and third positions of codons. No insertions/deletions, heterozygous sites, or stop codons were detected; thus, all of the amplified sequences represent functional mitochondrial COI sequences. On a regional scale, the genetic variation at the COI gene in the haplotypes that were obtained was below the intra-species variation threshold (3.5%) of marine fishes, which ranged between 0.2 and 1.7% (Table 3 ). In contrast, comparisons between populations of different localities varied from a low of 0.02% to a high of 21.7% (Table 3) . Value greater than 3.5% (threshold value) suggested an overlooked or congeneric species of L. johnii. The average K2P nucleotide divergence was 8.1% with two partitions of distance values obtained from the ABGD analysis (Figure 2) . 
Phylogenetic analysis
Sixteen local L. johnii haplotypes were discovered after collapsing the aligned sequences. The integration of the 16 haplotypes with the retrieved GenBank sequences of the species produced two clusters of samples with 100% bootstrap support. The first cluster comprised L. johnii from Straits of Malacca, Thailand, Australia, and China, which were further divided into four lineages. The first lineage contained a mixture of haplotypes from the Straits of Malacca (H1, H4-H5, H8-H12, and H14-H16) and China, the second lineage contained L. johnii haplotypes from Australia, the third lineage contained a mixture of Straits of Malacca and Thailand haplotypes (H2, H3, H6, and H13), and the fourth lineage comprised a sample from Sg. Baru (Straits of Malacca). The second cluster, however, only consisted of L. johnii from India and China. All haplotypes were clearly distinguished from the outgroup species, Macolor macularis (Figure 3) . 
DISCUSSION
Morphological ambiguities of L. johnii (Rahman, Fisheries Research Institute Malaysia, personal communication) led us to implementing a molecular approach to facilitate species identification. We selected the COI gene for species discovery as suggested by Ward et al. (2009) , which was employed in many studies where traditional methods could not be applied. The phylogenetic analysis of a successfully amplified 626-bp fragment of the COI gene from L. johnii did not indicate a monophyletic cluster with conspecific sequences (retrieved from GenBank) from other localities as expected. Rather, two major clusters were apparent. The first cluster consisted of L. johnii from Straits of Malacca, Thailand, Australia, and China while the second cluster comprised L. johnii from China and India. This result was supported by the ABGD analysis, which showed two partitions of distance values. The first major cluster was similar to pattern 1, which supports the Hubert et al. (2012) theory that species with Indo-Pacific ranges remain widely distributed. In this cluster, four lineages were visible. The first lineage contained haplotypes that were shared by samples from Straits of Malacca and China, the second lineage included an Australian L. johnii sample, the third lineage comprised Straits of Malacca and Thailand samples, and only a sample from Kuala Sg. Baru was placed in the fourth lineage. The K2P distances observed were less than 10 times the average intraspecies distance for the group under study; thus, no overlooked species were discovered. Similar findings were also observed for other lutjanine species. For example, Blaber et al. (2005) showed that the snappers (L. malabaricus and L. erythropterus) were widely distributed between eastern Indonesia and northern Australia using mitochondrial DNA and allozyme genetic markers, and Wang et al. (2010) reported that an Australian L. malabaricus (EF609398) was found clustered together with the South China Sea (SCS) conspecific samples the using COI gene, cytochrome c oxidase subunit II, cytochrome b, and two nuclear markers (recombination activating gene 1 and 2), thus confirming direct evidence of large-scale dispersal and gene flow.
We would like to highlight the discovery of the first and third lineages, which might support the hypothesis by Kimura et al. (2009) and Satapoomin (2011) , who suggested that shared stocks of snapper species from SCS and Indian Ocean can occur in the straits because of the existence of a connection through the Straits of Malacca. This agrees with our discovery of shared haplotypes of L. johnii samples from Straits of Malacca, China, and Thailand. Although the Straits of Malacca is considered to influence species mixtures between two major oceans (SCS and the Indian Ocean), water current from the strait does not flow throughout the entire Andaman Sea (Rizal et al., 2010) . The SCS only influences organisms in the southern part of the Andaman Sea, while the organisms in northern part of the Andaman Sea will be more influenced by water currents from the Indian Ocean via the northern Bay of Bengal (Satapoomin, 2007) . Thus, haplotypes shared in samples obtained from Ranong, Thailand, which is situated near the southern part of the Andaman Sea, supported the theory. While gene flow between or among localities in the Straits of Malacca, SCS, and Indian Ocean are still not known to be continuous, our research aids in giving a baseline genetic notion of the L. johnii population in the Straits of Malacca for future justification of the resource management and conservation.
On the other hand, the second major cluster, which contained mixed haplotypes from India and China, indicated the population disjunction of L. johnii and morphological ambiguities, which might result in the discovery of cryptic species between the SCS and Indian Ocean. The former opinion may have important biogeographic implications as suggested by Klangnurak et al. (2012) , who reported that the Pleistocene variations in sea levels across Southeast Asia may be an important factor in gene flow restriction in organisms from the Indian Ocean to the SCS. That study used eight microsatellite markers that discriminated L. russelli (Russell's snapper) of Peninsular Thailand into the SCS (Gulf of Thailand) and Indian Ocean (Andaman Sea) groups. The separation of snapper species between the two oceans including L. johnii was also done by Wang et al. (2010) . However, the finding was not discussed in detailed because the report focused on color polymorphism with the speciation of snapper species in the SCS. Although the Indian L. johnii sequence that was used in this study appeared to be representative of the Indian Ocean biota, clustering with the haplotypes from China support the latter judgement. The voucher samples of L. johnii from India and China need to be reexamined because the morphological ambiguities might mislead the researcher in identifying the samples as L. johnii. Because the sequences from China and India exceeded the 3.5% sequence divergence threshold, we suspected that there was an overlooked species in L. johnii. We also aligned these sequences with other lutjanine species. Surprisingly, the sequences from China and India formed a new group that was close to L. monostigma sequences that were available in GenBank (GenBank accession Nos. JF952788, and JQ350095-JQ350098) (data not shown). We suspected that there might be a cryptic species between the Indian Ocean and SCS after observing this. More research needs to be conducted using additional genetic markers to further confirm the discovery. Taxonomic re-evaluation is therefore recommended for this species if explicit partitioning still exists.
Prior to this study, no public records of L. johnii from Malaysia (Straits of Malacca) were available in GenBank or BOLD. This is the first molecular report concerning a commercial species of snapper, L. johnii, in Malaysia, which only gained provisional recognition from morphological examination. The COI gene, which was used in this research helped to corroborate the likely species status of L. johnii and serve as a basis for future studies possibly involving the conservation and management of the species.
